The possible production of bread from flour mixtures of wheat and white beans was investigated in the present study. Flour mixtures were prepared from wheat and white beans in respective percentages of 95:5 (95Wt5wB), 90:10 (90Wt10wB), 85:15 (85Wt15wB) and 80:20 (80Wt20wB). Bread from whole wheat flour (100-wheat) served as control. Analysis of proximate compositions of the flour mixtures showed that there were higher values (%) of ash (1.43), crude fat (3.38) and crude protein (13.92) in 80Wt20wB than others. The highest values of 1.02 g/ml, 28.17 ml/g, 2.92%, 3.46 g/g and 7.21% were obtained for the functional properties of bulk density, foaming capacity, water absorption capacity, oil absorption capacity and swelling index respectively in 100-wheat flour. Gelation capacity was however higher (3.20 %w/v) in the 80Wt20wB flour than others. Pasting properties (RVU) indicated that highest peak viscosity, trough viscosity, breakdown viscosity, final viscosity and setback viscosity of 167, 81, 107, 822 and 92 respectively were recorded for the 100-wheat flour. Among the bread samples, highest contents (%) of ash (1.13), crude fibre (0.27), crude fat (0.98) and crude protein (7.18) were recorded for the 80Wt20wB bread sample. There was no significant difference (p > 0.05) between the 100-wheat and 95Wt5wB bread samples in the sensory attributes of colour/crust, aroma, appearance, texture, taste and general acceptability while no difference was also observed between the 100-wheat and 90Wt10wB bread samples in the attributes of appearance and texture. It was concluded that acceptable and nutritionally advantageous bread could be produced from flour mixtures of wheat and white beans. However, up to 10% supplementation of white bean flour in wheat is recommended in bread making as a result of their favourable comparison in sensory acceptability by panelists.
Introduction
White beans (Phaseolus vulgaris) are legumes, which are regarded as "poor man's meat". They supply protein, complex carbohydrates, fiber and essential vitamins and minerals to the diet, which are low in fat and sodium and contain no cholesterol (Seleem and Omran, 2014) . The inclusion of legume, especially beans to cereal based products could be a good option for increasing nutritional intake of people. Legume proteins are rich in lysine and deficient in sulphur containing amino acids, whereas cereal proteins are deficient in lysine, but have adequate amounts of sulphur amino acids. Therefore, the combination of grain with legume proteins would provide better overall essential amino acid balance, helping to overcome the world protein calorie malnutrition problem (Livingstone et al., 1993) .
Bread is an important stable food in the tropics, but the product is relatively expensive as a result of its production from imported wheat that is not cultivated in the tropics for climatic reasons (Edema et al., 2005) . Production of bread is very common in many countries of the tropics and there has been increase in its consumption in Nigeria, possibly due to expansion in population density (Olaoye et al., 2006) . There has been considerable research efforts in promoting the use of composite flours, in which flour from local and high protein vegetables replace a portion of wheat flour for use in bread making, thereby decreasing the demand for imported wheat and producing protein enriched bread (Livingstone et al., 1993; Olaoye et al., 2006) . Although there is now a substantial amount of available composite bread technology, however such breads still require at least 70 percent wheat flour to be able to rise (Olaoye et al., 2006) .The partial substitution of vegetable flour in wheat flour in the production of baked products has been reported by many reaserch workers (Olaoye et al., 2006; Mepba et al., 2007; Olaoye and Onilude, 2008; Ade-Omowaye et al., 2008) . The various researchers have reported the use of partial supplementation of flours of plantain, soybean, breadfruit and tigernut among others in wheat in the making of bread. Variuos conclusions and recommendations were made by the authors on the suitable percentage supplementations of the vegetable flours in wheat that would make acceptable bread for consumers. A recent study on the use of malted maize flour substitution in wheat in the production of cake was also reported by Olaoye et al. (2015) .
Despite many research efforts on the promotion of partial substitution of vegetable flours in bread making, limited report is available on the use of white beans flour. White beans are common in Nigeria and largely consumed by cooking with various ingredients, including spices and pepper. The use of the legume in the production of bread would promote utilization and encourage farmers in its cultivation. The present study was therefore aimed at producing bread from flour mixtures of wheat and white beans. Quality evaluation of the flour mixtures and bread samples produced from them is also reported.
Materials and methods

Source of raw materials
The white beans (Phaseolus vulgaris) varieties used in this study were obtained from International Institute of Tropical Agriculture, Ibadan, Oyo State, Nigeria. The wheat flour and other ingredients used for production of bread were purchased from a local market in Offa Township of Kwara State, Nigeria.
Processing of white beans into flour
The white beans were processed into flour using the modified method of Abiodun and Adepeju (2011) , as represented by flow charts in Figure 1 . The beans were sorted to remove defective portions and then roasted at 135 o C for 15 min. The roasted beans were allowed to cool after which they were subjected to coarse size reduction using the attrition mill. The shells/testas winnowed away and resulting clean beans were milled using hammer mill machine (tigerextruda 6.5 hp, UK) to obtain white beans flour of about 250 micron particle size. The flour was packaged in polyvinyl chloride bags and stored at room temperature until use.
Flour mixtures of wheat and white beans used
Four flour mixtures were obtained by mixing flours of wheat and white beans in the following proportions: 95:5 (95Wt5wB), 90:10 (90Wt10wB), 85:15 (85Wt15wB) and 80:20 (80Wt20wB).
Whole wheat flour (100-wheat) was used to serve as control. The wheat flour used was of 'hard type'.
Production of bread from flour mixtures of wheat and white beans
The method of AACC (1984) was used for production of bread from the different flour mixtures, involving a bulk fermentation process. A quantity (200 g) each of the flour samples was weighed and addition of required amount of water was done to obtain dough; this was kneaded on a pastry-board to smoothen. The dough was initially fermented for 2 h at 30 o C before subsequently kneaded to expel carbon dioxide and then tighten-up the dough to ensure improvement in the textural properties of the product (bread). The dough was sized and moulded into the baking pans for final proofing at 30 o C for 2 h. Baking of the dough was carried out in a forced air convection electric oven (380V, ROHS Deck Baking Oven, Hangzhou 311121, China) at 230 o C for 30 min.
Analysis of proximate composition
Proximate analysis of moisture, ash, fat, and protein contents of the different flour mixtures, and bread samples produced from them, were determined using the methods of Association of Official Analytical Chemists (2005). Carbohydrate was determined by difference.
Determination of functional properties of the flour mixtures
Water absorption capacity and bulk density were determined using the respective methods of Mbofung et al. (2006) and Wang and Kinsella (1976) . Foaming capacity and gelation capacity were determined by methods of Okezie and Bello (1988) and Abulude (2001) respectively.
Oil absorption properties of the flour blends were determined following method of Sathe et al. (1981) . A quantity of the flour (2 g) was mixed with 20 ml of oil in a Moulinex blender (Model dePC 3, France) at high speed for 30 sec. The sample was allowed to stand at 30°C for 30 min and then centrifriged at 10,000 rpm for 30 min. The volume of supernatant in a graduated cylinder was noted. Density of oil was determined to be 0.93 g/ml. Swelling index was determined using the method of Tharise et al. (2014) . All determinations were carried out in triplicates. .
Determination of pasting properties of the flour mixtures
The pasting characteristics of the flour mixtures were determined using a Rapid Visco Analyzer (Model RVA 3D+, Newport Scientific, Australia). About 2.5 g of flour was weighed into a dried empty canister, followed by addition of 25 ml of distilled water. The solution was thoroughly mixed and the container fitted into the RVA unit according to manufacturer's instructions. The slurry was heated from 50 to 95 o C with a holding time of 2 min. The rate of heating and cooling was at a constant temp of 11.25 o C per min. The peak viscosity, trough viscosity, breakdown viscosity, final viscosity, set back viscosity, peak time and pasting temperature were obtained from the pasting profiles with the aid of thermocline for Windows software connected to a computer generating the data from the RVA unit (Newport Scientific, 1998) . The viscosities were expressed in terms of Rapid Visco Units (RVU), equivalent to 10 centipoises.
Determination of antinutritiona factors flour mixtures and bread samples
Polyphenols were determined according to the Prussian blue spectrophotometric method (Price and Bulter, 1977 ) with little modification. Three milliliters of methanol was added to 60 mg of flour sample in test tube and was shaken manually for 1 min. The mixture was then filtered using a filter paper (Whatman No. 1). The filtrate was mixed with 50 ml distilled water and analyzed at 50 min. About 3.0 ml solution of 0.1 M FeCl 3 in 0.1 M HCl was added to 1.0 ml of filtrate, followed by addition of 3.0 ml freshly prepared K 3 Fe(CN) 6 . The solution was gently shaken and allowed to stand for 3 min, after which the absorbance was monitored on a spectrophotometer (Pye Unicam SP6-550 UV, London, UK) at 720 nm. A standard curve was obtained, expressing the result as tannic acid equivalents -the amount of tannic acid (mg/100 g) that gives a color intensity equivalent to that given by polyphenols after correction by blank sample.
Trypsin inhibitor, lectin and α-amylase activities were determined according to the methods of AOAC (2005). Oxalate determination was carried out using the method of Leyva et al. (1990) . 100-wheat, whole wheat flour; 95Wt5wB, 95% wheat flour and 5% white beans flour; 90Wt10wB, 90% wheat flour and 10% white beans flour; 85Wt15wB, 85% wheat flour and 15% white beans flour; 80Wt20wB, 80% wheat flour and 20% white beans flour; SD, standard deviation; Values are means of three replicates of samples; Values across rows with different superscript letters are significantly different (p<0.05) 100-wheat, whole wheat flour; 95Wt5wB, 95% wheat flour and 5% white beans flour; 90Wt10wB, 90% wheat flour and 10% white beans flour; 85Wt15wB, 85% wheat flour and 15% white beans flour; 80Wt20wB, 80% wheat flour and 20% white beans flour; Values are means of three replicates of samples; Values across rows with different superscript letters are significantly different (p<0.05)
Sensory evaluation of bread samples produced from flour mixtures of wheat and white beans
The bread samples produced from the flour mixtures of wheat and white beans were subjected to sensory evaluation for the attributes of crust/colour, aroma, appearance, internal texture, taste and general acceptability. A semi trained twenty member panel was used, and scores were allocated by the panelists based on a 9-point hedonic scale, ranging from 1 (dislike extremely) to 9 (like extremely). The data collected were subjected to statistical analysis to determine possible differences among samples.
Statistical analysis
The effect of supplementation of white beans flour in wheat were analysed both on the flour mixtures and bread samples by subjecting the data obtained to analysis of variance (ANOVA) using the statistic software, Design expert, Stat-Ease Inc., East Hennepin Ave, Minneapolis, Version 6.0.6 (SPSS, 1999). Significant differences were determined at p < 0.05. Table 1 shows the flour mixtures of wheat/white beans flour and their proximate compositions; ash content was highest (1.43%) in the flour mixture supplemented with 20% white beans (80Wt20wB) while the lowest value of 0.93 was recorded for the whole wheat flour (100-wheat). The ash contents of ten, fifteen and twenty percent substitution of white beans flour in wheat (i.e. 90Wt10wB, 85Wt15wB, 80Wt20wB respectively) were significantly higher (p<0.05) than others. Similar trends were assumed by the crude fiber, crude fat and crude protein contents of the flours; they increased progressively with increased substitution of white beans flour (WBF). This observation in the trends of the parameters suggest that higher contents were present in the WBF than 100-wheat. A study carried out by Nwosu (2013) indicated that protein, crude fibre and ash contents were higher in a grain legume flour than wheat flour, and this could justify the results recorded in the current report. The researcher however noted higher fat content in wheat flour than the grain legume flour, an observation contrary to the findings of the present study possibly because of differences in the legumes used,. In a related study, Abu-Salem and Abou-Arab (2011) reported higher contents of fat, protein, fiber and ash in a grain legume flour than wheat flour, and this also supports the result obtained in the present study. This may imply that products that are made with partial substitution of WBF in wheat may be nutritionally advantageous compared to those made with wheat flour alone. There were significant differences (p < 0.05) in the ash, crude fat and crude protein contents of WBF and those of 100-wheat.The higher contents of protein, ash, and fibre in the WBF than 100-wheat recorded in this study are supported by the reports of Ramezani et al. (2013) and Seleem and Omran (2014) who noted similar results in flours of beans and wheat..
Results and discussion
A range of 11.04 and 12.34 was recorded for moisture contents (%) of the flours; the 95Wt5wB had the highest value while the lowest was recorded for 90Wt10wB. The moisture contents recorded in were supportive of those reported by Alozie et al. (2009) and Ramezani et al. (2013) . The first authors recorded moisture contents of between 10.75 and 11.12 in the flour blends of wheat/grain legume while the latter obtained a range of 8.5 to 13 was recorded in the flour mixtures wheat/white beans. It has been noted that moisture plays very important roles in the keeping quality of food products, while high moisture can have adverse effect on storage stability (Olaoye et al., 2006; Olaoye and Onilude, 2008) . The moisture content of the flour blends in the present study was below 12.50 which may be of advantage in storage stability and shelf life. The carbohydrate content (%) of the 100-wheat was higher than other flour mixtures, though no no significant difference (p > 0.05) was recorded among them.
The functional properties of the flour mixtures (Table 2) shows that 100-wheat had the highest value of bulk density (1.02) while the lowest (0.68) was recorded for 80Wt20wB. The highest value of 28.17 was recorded for 100-wheat sample while 80Wt20wB had the lowest (23.72 ml/g). Bulk density, foaming capacity, water absorption capacity, oil absorption capacity, and swelling index reduced with increase in percentage supplementation of white beans flour in wheat However, an opposite trend was noted for gelation capacity. The oil absorption capacity and gelation capacity recorded in this study were supportive of the finding of Igbabul et al. (2013) . There was however slight variation in the functional properties of bulk density, foaming capacity and water absorption capacities which could be due to varietal and environmental differences. The bulk density and swelling indices in the flour samples agree with those reported by Adebayo-Oyetoro et al. (2011) and Ramezani et al. (2013) .
Presented in Table 3 is the result pasting properties of the flour mixtures. Result indicates that 100-wheat had the highest peak viscosity (167 RVU) and the lowest value of 120 was recorded for the flour sample containing 20% supplementation of WBF. Significant difference (p < 0.05) occurred in the peak viscocities of 100-wheat and other flour samples. Results also indicated that there was decrease in trough viscosity, breakdown viscosity and final viscosity as the substitution of WBF increased in the various flours. The 80Wt20wB had the highest peak time of 7.05 min, and the property decreased with decrease in percentage substitution of WBF. Pasting temperature was also highest (73 o C) for 80Wt20wB while the lowest (65) was recorded for the 100-wheat flour. Result of the pasting properties recorded in the present study was similar to those reported by Abiodun and Adepeju (2011) .
The proximate compositions of the bread samples produced from the flour mixtures indicate that samples with WBF supplementation had higher contents of ash, crude fat and crude protein than those made from 100-wheat flour (Table 4) . This was similar to those recorded in the flour types, as noted earlier (Table 1 ). The implication is that bread samples with supplementation of WBF may of nutritional advantage to consumers as a result of enhanced content of nutrients (Ramezani et al., 2013; Seleem and Omran, 2014. The sensory attributes of the bread samples and their mean scores are presented in Table 5 . Result showed that the bread sample made from 100-wheat had higher mean scores than others in the attributes tested. The mean scores were noted to decrease in the bread samples as the percentage substitution of WBF increased. However, no significant difference (p > 0.05) was recorded between the 100-wheat and 95Wt5wB bread samples in all the sensory attributes that were tested. The 90Wt10wB bread sample did not also differ significantly (p > 0.05) from the 100-wheat sample, indicating that the sensory attributes of the bread samples are comparable. The difference recorded in the mean scores of the various attributes could be sue to the sensory characteristics of white beans flour which may have imparted on the composite breads.
From the results of the present study, it may be concluded that good and acceptable breads may be prepared from flour mixtures of wheat and white beans. Supplementation of white beans flour up to 10% seemed to be very comparable to whole wheat bread sample in terms of sensory attributes. Bread samples made from up to 20% supplementation of white bean flour were superior to the whole wheat bread in terms of ash, protein and fat. This may be of nutritional advantage to consumers of bread in Nigeria.
